Background: Shigella dysenteriae are Gram-negative and non-sporulating bacteria that cause illness in epithelial tissue of the colon and rectum. According to a preliminary analysis, rare or no reports could introduce highly reliable and specific genes, primers, and probes for S. dysenteriae recognition. Thus, it is necessary to detect specific genome parts in S. dysenteriae that could be used in diagnostic laboratories to recognize S. dysenteriae species confidently. Methods: Identification of specific S. dysenteriae genome regions as DNA-barcodes was the main objective of the current study to accrue detection of this species. To this end, S. dysenteriae genome was compared with other Enterobacteriaceae genomes. Results: Results indicated that there is little genetic distance between S. dysenteriae and E. coli, and most of the genes are common between these 2 species. The lowest genome fluidity was observed between S. dysenteriae and Escherichia coli, and Salmonella enterica. Furthermore, the largest number of orthologous genes was observed between S. dysenteriae and E. coli (O157_H7). All previous markers and virulent genes were also evaluated in the current study. However, no specific DNA barcodes were identified among already identified genes. Additionally, all regions of S. dysenteriae genome were investigated in the current study using specific region identifier programs by comparison with other Enterobacteriaceae strains. Conclusions: Finally, eight specific DNA-barcodes were identified in the current study that could be beneficial for specific recognition of S. dysenteriae strains.
Background
Shigellosis causes over one million fatalities with more than 160 million patients with shigellosis. Most of these patients were under 5 years (1, 2) . Shigella infection occurs through the mouth and intestines. Accumulation of 10 to 100 of these bacteria could cause shigellosis (3) . Shigella is categorized to 4 groups, through biochemical and O antigen characteristics, including S. dysenteriae (group A), Shigellaflexneri (group B), Shigella boydii (group C), and Shigella sonnei (group D) (4) (5) (6) . Shigella cells include a virulent plasmid that encodes genes that are necessary for attacking Intestinal mucosal cells (7) . However, there is some pathogenicity islands in Shigella chromosomes that could play important roles in Pathogenicity (8) . All Shigella strains include a large virulent plasmid with 180 to 215 kb of size, which is necessary for Shigella pathogenicity (9, 10) .
infection, pneumonia and meningitis in humans or animals (19) .
Large amounts of S. dysenteriae genome are very much similar with the E. coli genome (9, 10) . There is a low number of genetic assays that could distinct S. dysenteriae from E. coli or other strains of Shigella because most of the genes included in S. dysenteriae could also be found in E. coli or other Shigella strains with similar sequence structure. Additionally, their virulent plasmid showed similar characteristics (20) . In some reports, shiga toxin gene has been used for S. dysenteriae and E. coli recognition (21) (22) (23) because this gene is present in both S. dysenteria and Escherichia coli. Although, this method is beneficial for recognition of toxin existence, yet it could not recognize the exact species. Because of similarities among S. dysenteriae and E. coli and also other Shigella strains, especially in their virulent genes, most of the designed primers or probes for S. dysenteriae could also recognize other related species. As an example, stx1, ipaBCD, and ipaH are some genes that have been introduced for specific recognition of Shigella species, such as S. dysenteriae (24) . However, the researcher's in-silico analysis (but not experimental) indicated that these genes and their primer might be used to recognize other related species such as E. coli or other Shigella species instead of S. dysenteriae. Similar results have been found by other studies. Thus, according to our preliminary analysis, rare or no reports could introduce highly reliable and specific genes, primers, and probes for S. dysenteriae recognition. Therefore, laboratory specialists could be misled in diagnostic tests when they are using common genes for specific recognition. Thus, it is necessary to detect specific genome parts in S. dysenteriae that could be used in diagnostic laboratories to recognize S. dysenteriae species confidently. Although both Shigella and Escherichia species are very much similar in large amounts of their genome, an extensive study of comparative genomics between these species should be done. In the current study, comparative genomics was hired to indicate the similarity among S. dysenteriae, E. coli, and other Shigella strains that led to the identification of specific genome areas of S. dysenteriae as specific DNA-barcodes.
Methods

Genome Sequences
Enterobacteriaceae strains genome sequences were downloaded from the genome list of NCBI database (https://www.ncbi.nlm.nih.gov/genome/browse). These genome sequences were used by comparative genomics used in the current study.
Genetic Distance and Similarity Computation
Genetic distance calculation of strains could lead us to the identification of close strains. In the current study, genetic distances between S. dysenteriae and other bacteria strains were calculated according to oligonucleotide frequency through an online tool available at http://insilico.ehu.eus.
The researchers visualized phylogenetic trees to indicate close species. The IMG software was used for creating genome clusters between S. dysenteriae and other bacteria species (https://img.jgi.doe.gov/cgi-bin/m/main.cgi). The Sd197 strain of S. dysenteriae focused mainly on computing and comparisons with other strains of species in the current study.
Dissimilarity and genome fluidity of Sd197 strain with other strains was also evaluated in the current study. Genome fluidity is a measure of dissimilarity among genes. It is obtained through the ratio of all unique genes (not shared) to all genes present in the 2 compared genomes (25) . Genome fluidity was evaluated and compared using POGO-DB (26) for 70 conserved genes described in this study.
In order to confirm genome fluidity results of studied strains, orthologous genes between S. dysenteriae and other Enterobacteriaceae species were studied using OrthoVen (http://probes.pw.usda.gov/OrthoVenn/). To this end, 2 methods, including high sensitivity and low sensitivity methods were used. In the high sensitivity method the minimum percentage of similarity was considered as 30 % for 70% of aligned sequenced, yet in low sensitivity method the minimum percentage of similarity was considered as 10 % for 50% of aligned sequences.
Comparative Genomics Analysis
The SCAN2 program was used for multiple alignments of genome sequences instead of other alignment programs because of its specific ability for analysis of multi mega byte size genome sequences that could expedite the sequence alignment. The researchers used the SCAN2 program for multiple alignments of S. dysenteriae and E. coli strains used in the current study. This program is available at http://www.softberry.com/berry.phtml?topic=scan2& group=programs&subgroup=scanh.
Synteny LinePlot analysis and was used in the current study to create a graphical overview of conserved regions.
This graphical visualization was carried out using the MicroScop program (http://www.genoscope.cns.fr/agc/microscope).
MicroScop is a prokaryotic annotation system widely used by the microbiologist and it has been mostly used for synteny map visualization (27) .
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In addition, BioEdit, Mega, and Blastall programs have been used for comparing sequences and also for some comparative genomics studies (28, 29) .
Comparative Genomics Analysis of Virulent Genes to Identify Specific Virulent DNA-Barcodes
In this study, identified virulent genes were considered to detect specific and conserved virulent genes. To this end, ShiBase (http://www.mgc.ac.cn/ShiBASE/) and VFDB (http://www.mgc.ac.cn/VFs/) databases were used in the current study. ShiBase and VFDB have been introduced as important databases for identifying virulent factors of bacterial strains (30, 31) . The researchers used these databases to identify specific and conserved virulent genes among S. dysenteriae, Shigella, and Escherichia strains.
Exploration of New DNA-Barcodes
Identification of specific genes for sd197 strain of S. dysenteriae has been done by removing homologous genes with other Shigella and also E. coli strains, according to MIC-FAM clustering algorithm through pan genome analysis using the SiLiX software (32) . The MICFAM parameter was considered as 80 in this analysis.
The researchers have also used PSAT analysis (33) to identify sd197 homologues genes with other Shigella and also E. coli strains. To this end, E-value < 10, bitscore > 20 and identity percentage > 10 were considered to identify homologous genes against all Shigella and Escherichia strains genome. These selected strict criteria could increase the range of homologous genes and on the other hand could decrease error in identification of nonhomologous genes. This could lead to an increase in confidence in identification of sd197-specific DNA-Barcodes through PSAT analysis.
Additionally, the researchers have also used the nucmer program from MUMmer3 software (34) to identify specific regions in the sd197 genome. The researchers considered 500nt as minimum lengths of specific regions.
Results
Genetic Distance of S. dysenteriae from Other Enterobacteriaceae
Evaluation of the phylogenetic tree of Enterobacteriaceae indicated that S. dysenteriae is genetically close to E. coli in addition to other Shigella species (Figure 1) . Thus, it is very likely that many of the genome regions between S. dysenteriae and E. coli are similar. Genetic distance of S. dysenteriae with other Shigella and E. coli strains is presented in Table 1 . As shown in Table 1 S. dysenteriae is genetically very close to E. coli. Therefore, since the aim of this study is to recognize specific regions of S. dysenteriae, extensive comparative genomics has been performed to identify specific S. dysenteriae regions not common with all E. coli strains.
First Comparative Results
Shigella dysenteriae are identified by 2 important strains, including sd197 and 1617. In this study sd197 was selected for further studies. Genomes of sd197 strains in comparison with other Shigella species and also E. coli are presented in ShiBASE (http://www.mgc.ac.cn/ShiBASE/). Genome characteristics of S. dysenteriae were compared with other Shigella strains and also the sakai strain of E. coli O157:H7 using NCBI database. Results indicated that S. dysenteriae chromosome is smaller than other Shigella and sakai strains. In addition, comparison results indicated that all of these strains had one large plasmid and up to three small plasmids. Shigella dysenteriae includes one large plasmid (pSD1_197) and one small plasmid (pSD197_-spA). It is important to note that more genes exist in Shigella plasmids when compared with the sakai strain of E. coli O157:H7. Additionally, more pseudo genes exist in Shigella species when compared with the sakai strain. A lower number of genes and on the other hand greater number of pseudo genes in S. dysenteriae indicated that fewer regions of this species genome could encode proteins compared to others. The Conserved Synteny LinePlot was used to show and overview existence of homologous regions between S. dysenteriae and other Shigella species and also S. dysenteriae and E. coli ( Figure 2 ). As shown in Figure 2 , large amounts of S. dysenteriae regions are conserved with other Shigella species and E. coli.
Similarity Evaluation of Shigella Dysenteriae with Other Enterobacteriaceae
As mentioned earlier, genome fluidity is a measure of dissimilarity among genes, which is the ratio of all unique genes (not shared) to all genes that exist in the two genomes (25) . Higher genome fluidity indicates existence of more specific genes between 2 species and finally shows the difference between evaluated species (25) . In this study, genome fluidity has been used to compare S. dysenteriae to other Enterobacteriaceae species. The lowest genome fluidity (less than 40%) was observed between S. dysenteriae and E. coli and also S. dysenteriae and S. enterica. This indicates high similarity among S. dysenteriae and the other two species. On the other hand, the highest genome fluidity (more than 80%) was observed between S. dysenteriae and B. aphidicola and also S. dysenteriae and C. Moranella endobia. Thus, these two species have the lowest common genes with S. dysenteriae. dobia (high sensitivity: 3112, low sensitivity: 3147 number). Therefore, results of orthologous comparisons confirmed genome fluidity results of the current study.
Could Already-Introduced Marker Genes in Bacteria Be Introduced as Suitable DNA-Barcodes for S. dysenteriae?
Different genes have already been used as marker genes for identification of bacteria. The 16s rRNA is one of the frequent used genes in these studies (35) (36) (37) (38) . One of the important reasons for selection of 16s rRNA in these studies is that 16s rRNA exists in all bacteria species with no variability in its gene structure (39) . Blast results of S. dysenteriae 16s rRNA with other Enterobacteriaceae showed that this gene could be aligned with all bacteria, especially with E. coli. Furthermore, 97% to 99% similarity has been observed between all E. coli strains and S. dysenteriae for 16s rRNA gene in this study. The lowest similarity has been observed between S. dysenteriae and C. Riesia with 87% similarity. Thus, 16s rRNA could not act as an efficient marker for recognition of closely related species like S. dysenteriae and E. coli. Therefore, marker genes with higher distinctive features are necessary for S. dysenteriae recognition. To this end, other introduced markers for recognition of different bacteria species were evaluated in this study including amoA, pmoA, nirS, nirK, nosZ, and pufM (35, 40, 41) and also dnaG, frr, infC, nusA, pgk, pyrG, rplA, rplB, rplC, rplD, rplE, rplF, rplK, rplL, rplM, rplN, rplP, rplS, rplT, rpmA, rpoB, rpsB, rpsC, rpsE, rpsI, rpsJ, rpsK, rpsM, rpsS, smpB and tsf (42) . The current invesAvicenna J Clin Microb Infec. 2017; 4(4):e13082. 5 tigation indicated that all of these genes could be aligned with the S. dysenteriae genome. In all cases, more than 50% similarity was observed between S. dysenteriae and other
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fore, it could be concluded that these already-introduced marker genes could not be useful for S. dysenteriae recognition.
Could Already-Introduced Virulent Genes in Bacteria Be Introduced as Suitable DNA-Barcodes for S. dysenteriae?
The use of virulent genes has been introduced as one of effective ways for recognition of bacteria. As an example, the stx gene has been used for S. dysenteriae recognition (21) (22) (23) . In this context, all virulent S. dysenteriae genes were compared with other Shigella and also with E. coli strains to identify their conservation in this study (Figure 3) . Results indicated that all virulent genes of S. dysenteriae could be aligned with other Shigella or E. coli strains using NCBI, VFDB, and ShiBASE. Thus, these virulent genes could not be introduced as suitable DNA-barcodes for S. dysenteriae. Therefore, these virulent genes are beneficial for recognition of multiple bacteria recognition and also virulent factors instead of specific diagnosis of bacteria like S. dysenteriae. As shown in Figure 3 , the stx gene is conserved in both S. dysenteriae and E. coli strains and plays a role in shiga toxin production. Thus, these virulent genes are beneficial for recognition of shiga toxin existence. Conservation of other virulent genes is presented in Figure 3 .
Investigation of Other Genome Areas of S. dysenteriae to Identify DNA-Barcodes
Using the MUMmer3 program, six specific regions were identified in the current study that could be used as specific DNA-barcodes for S. dysenteriae recognition, including NC_009344.1 (2791.7017 in plasmid pSD197_spA), NC_-007606.1 (3886090.3886726 in complete genome), NC_-007606.1 (3769230.3770547 in complete genome), NC_-007606.1 (3859088.3859910 in complete genome), NC_-007606.1 (2329346.2331791 in complete genome), and NC_-007606.1 (1082613.1083293 in complete genome) regions. In addition, using PSAT, specific DNA-barcodes have been found for large and small plasmids, including NC_-009344.1 (5327.6079 in plasmid pSD197_spA near rfp genes that was also detected by MUMmer3 but in a larger space) and NC_007606.1 (162252.162452 exist in plasmid pSD1_197 between virA and spa genes). Designed forward and reverse primers in the current study are presented in Table 2 . These primers could be beneficial for further studies.
Discussion
The current results indicated that specific regions of S. dysenteriae that might have evolved recently are appropriate for DNA-barcodes detection rather than slowly evolved genes, such as 16s rRNA or stx. Comparative genomic studies have helped with identification of specific regions in the S. dysenteriae genome from recently evolved genes. However, slowly evolved genes could be helpful for multiple bacteria recognition or identification of virulent factors when certain strains or species are not considered. Lack of attention to these notes could lead to mistakes in S. dysenteriae recognition. To overcome this event, selection of correct genes form this species is an essential step. Finally, in this study, 8 specific DNA-barcodes for recognition of S. dysenteriae were identified. These DNA-barcodes could be useful for designing primers and probes to identify S. dysenteriae.
